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A Tool Support to Merge Similar Methods with Differences
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Abstract: A code fragment that has identical or similar code fragments is called code clone. Especially,
method-base code clone is called similar method. If a similar method contains a defect, a developer needs
to check all of similar methods for the same defect and it needs very high cost. Merging similar methods
by refactoring is one of solutions to this problem. However, it is difficult for a developer to merge similar
methods with differences. In this paper, we propose an approach that supports to merge similar methods
with differences by providing candidates of merging similar methods given by a developer. The proposed
approach has been implemented as a plugin of Eclipse. In the case study, we applied the proposed approach
to actual similar methods in open source projects. We conducted questionnaire and then investigated the
similarity between candidates derived by our tool and the intention of the developers. As a result of the
investigation, we confirmed the effectiveness of the proposed approach.
Keywords: software maintenance, refactoring, cohesion metrics, program slicing
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Fig. 1 Overview of the proposed approach.
??????????????????????????
??????????????????????????
??????????????????Template Method
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??????????????????????????
??????????????????????????
??????????????????????????
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??? 2????????????????????
?????????????????????????
???????????? [2], [3]???????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
???????????
2.2 Template Method???
Template Method?????????????? 1??
?? Template Method???????????????
????? [4], [7]?Template Method????????
??????????????????????????
??????????????????????????
???????????????????????????
????? Template Method????????????
??? 2 ? Template Method????????????
????????????????? getBillableAmout?
???????? 2 ?????????????????
?? getBaseAmount?????getTaxAmount?????
?????????????? Site??????????
??????
??? Template Method??????????
( 1 ) ????????????????
( 2 ) ????????????????????????
???????????
( 3 ) ????????????????????????
????????????????????????
???????
? 2 Template Method ??????? [4]
Fig. 2 An example of form Template Method refactoring.
( 4 ) ???????????????????????
?????( 3 )?????????????????
????????????? 2 ???????????
3. ???????
???????????? MA ? MB ???????
???????????????????? AST???
??????????????????????????
???????????? 2?????????????
??????????????????????
?? 1?????? ?????????????????
????????????????????????
?????? 5??????
3.1 ????????
????????????????????MA ?MB
? AST???????????? Eclipse JDT *1???
?????????? AST?????????????
AST???????????????????????
?Assginment? Expression??????????????
?????????
???????AST????????????????
????AST????????????????????
??????????? 1??????????????
??Eclipse JDT?????org.eclipse.jdt.core.dom??
???? Statement???*2?????????????
??ExpressionStatement? ReturnStatement?????
?????????????????AST??????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
???AST????????????????????
??????????????????????????
??????? 3 ? AST??????????????
????? 3 ? AST????????????????
????????????????
*1 http://www.eclipse.org/jdt/
*2 http://help.eclipse.org/indigo/index.jsp?topic=
%2Forg.eclipse.jdt.doc.isv%2Freference%2Fapi%2Forg
%2Feclipse%2Fjdt%2Fcore%2Fdom%2FStatement.html
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? 3 AST ??????????????
Fig. 3 An example of indexing for particular nodes in AST.
? 4 Block ?????????
Fig. 4 An example of a block type node.
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? 4 ?????????????????? 3??????
AST?????????????????? Block???
????????????
?????????? AST????????????
??????????????AST??????????
???????2????? NA ? NB ????????
???????
(1)?????? NA?NB ?????????????
???NA?NB ? AST?????????????
??NA?NB ?????????????????
????????????????????????
???????????? NA?NB ? Block???
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???????????????????????
????????????????????????
? 5 ????????????????????
Fig. 5 Detecting statement-level differences between similar
methods.
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? 6 ???????
Fig. 6 Merging differences.
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? MB ???????????????? ΔA?
ΔB?|ΔA| = |ΔB | = n????????????
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?????????
??A EA?EB ???????????????
?????????? 1?2?3?????????
?? B EA?EB ???????????????
????????????????????????
???????
?? C ??????? eAi?eAj ∈ EA?i = j??
?????????????????EB ?????
????
??D ??????????????? δAi ∈ ΔA
?????????????? eAj ∈ EA ??? 1?
?????ΔB ? EB ?????????
???????????????? δ ?????δ ????
???????????????????? include(δ)?
????include(δ) ?????? δ ????? AST??
????????AST????????????????
??????????????????????????
??????? cf ????? δ ???????????
???? 7 ???????????????
?? 1???????????? ???? cf ?????
AST??????????????????????
???????????? imax?????????
imin ????(imax + 1) ??? (imin − 1) ????
????????????????????????
???????????? cf ??????????
??????? cf ??????????include(δ)
? cf ?????????????????? cf ??
????????????????????????
??????????????????? 2????
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? 7 ????????????
Fig. 7 Expansion for code fragments.
???????????
?? 2?????????? ???? cf ?????AST
???????????????????????
???????????????????????
???????????????? cf ??????
?????? cf ????????? include(δ) ?
cf ?????????????????? “Method
Declaration”??????????????????
????????????????? 1 ?????
???????????
????????? ΔA,ΔB ???????????
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??????????????????????????
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??????????????????????????
??????
4. ?????????
????????????????????????
??????????????????????????
?????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
?????????????????????????
??????????????????????????
????????????????? [10], [11]?
Weiser?????????????????????
????????????? 5??????? [12]???
??????????????????????????
??????????????????????????
???????????????PDG?????????
???Meyers???Weiser?????????????
??2???????????????????????
??????????????????????????
?????Tightness?Coverage?Overlap? 3?????
??????????????????????????
??????????? [6]?????????????
????????? 3????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
?????????????????
????????????????????????
????????M ??????len(M)?M ?????
V ?M ??????????????Vi ?M ????
??????Vo ?M ???????????FSLx ??
? x??????????????BSLx??? x???
????????????SLint? Vi?????????
???????? Vo ????????????????
?????????Vo????????????????
????Vi?????????????????????
SLint ????????Vi ??????????????
?????Vo????????????????????
?? SLint ????
FTightness(M) =
|SLint|
len(M)
FCoverage(M) =
1
|V |
(∑
x∈Vi
|FSLx|
len(M)
+
∑
x∈Vo
|BSLx|
len(M)
)
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? 8 ?????????????????
Fig. 8 A screenshot of the tool.
FOverlap(M) =
1
|V |
(∑
x∈Vi
|SLint|
|FSLx| +
∑
x∈Vo
|SLint|
|BSLx|
)
?????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
????????????????????????
????????????????????????
??????????????????????????
???????????????????????????
??????????????????????????
??????????????????????????
????????? 3????????????????
????3?????????????
5. ??
??????????? Eclipse??????????
?????????????AST???????????
???????????????? Eclipse??????
???????????????? PDG???????
??????MASU??????????? [13]?? 8
??????????????????????? 8 ??
??????????????????????????
?????????? 1????? 1?????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????
? 8 ??????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??? 8 ?????????????? 1???????
??????????????????
6. ????
?????????????????????????
????????????????? Ant? ANTLR?
2???????????2?????????????
?*3????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
???????????????????????
?????????????????????????
??????? 2???????????
?? 1 ??????????????????????
?????????
?? 2 ??????????????????????
?????????????????
*3 Ant?executeDrawOperation ?????Arc?Ellipse????
ANTLR?genErrorHandler ?????CppCodeGenerator?
JavaCodeGenerator ????
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?????????????????????????
?? 10???????????????????????
??????????????????????????
???????? 15????????????????
?? 3??????????? 1 ??? 3 ??????
??????????????????????????
?????????????
?? 1 ??????????????????????
???????????
?? 2 ??????????????????????
????????????????????????
????????
?? 3 ???????????????????? 1?
???????????????????????
???????????
6.1 ????
6.1.1 ?? 1??? 3??????
?? 1??? 3??????????????????
???????????????????????????
???????????????????????? 1?
??????????????????????????
?????????????? 1??? 3???????
??????? 2??????????
?????????????????????????
??????????????? 4?5??2??????
?????? 6????
?? 4?????????? 2?????? CF1 ? CF2
????????sim(CF1, CF2) ????????
??lines(CF ) ????? CF ??????????
sim(CF1, CF2) =
|lines(CF1) ∩ lines(CF2)|
|lines(CF1) ∪ lines(CF2)|
?? 5??????????? ???? C ??????
??????????? δ ??? C ???????
contain(C, δ) ??????
?? 6?????????? ??????? MA?MB
?????2 ?????? C1?C2 ????
similarity(C1, C2) ??????????????
??MA??????????????????ΔA?
MB ?????????????????? ΔB ?
??n = |ΔA| = |ΔB |???????δAi?δBi ???
???ΔA?ΔB ? i?????????
similarity(C1, C2)
=
1
2n
n∑
i=1
(sim(contain(C1, δAi), contain(C2, δAi))
+ sim(contain(C1, δBi), contain(C2, δBi)))
6.1.2 ?? 2??????
?? 2??????????????????????
?????????????????????????
??????????????????????????
????? 2??????? 1????????????
??????? 3??????????
1????????????????RSSC??????
???????1??????????????????
??????????????????????????
??????????????????????????
???????????? 1?????????????
????????????????????????1?
??????????????????????????
????
2????????????????ARSC????? 2
??????????????????????????
??????????????????????????
????????????????????????
3??????????????AP?????????
??????????????????????????
?????????????????? [8]???????
??????????????????????????
??????????????????????????
?????????????????A??????P (Ai)
? A ?? i ????????????????????
??????
AP =
1
|A|
|A|∑
i=1
P (Ai) (1)
6.2 ?????
???????????????????????Ant
?? 23??ANTLR?? 34?????????????
?????????????????????Ant?? 14
??ANTLR?? 6???????????ANTLR??
????6?????????????????????
?????????????????? 0.5??????
?? 1??? 3??????????????????
?? 1 ????? 1 ????????????????
??????????????????????????
??????????????????????????
?????????????ANTLR?????????
?? 6???????????????????????
??????????????????????? 3??
????????????????? 1??? 3????
????Ant???? 3???????? 7??????
??????????????????????????
??????????????????? 3????? 1
??????????????????????????
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? 1 ?? 1 ??? 3 ??????
Table 1 Result of question 1 and question 3.
?????? ????? ?? ?? ?? ??
Ant
FTightness
1 0.697 0.513 0.643
3 0.787 0.611 0.708
FCoverage
1 0.697 0.604 0.651
3 0.787 0.651 0.714
FOverlap
1 0.697 0.513 0.643
3 0.787 0.611 0.708
ANTLR
FTightness
1 0.441 0.278 0.358
3 0.612 0.459 0.545
FCoverage
1 0.441 0.278 0.358
3 0.612 0.459 0.545
FOverlap
1 0.441 0.278 0.358
3 0.612 0.459 0.545
? 2 ?? 2 ??????
Table 2 Result of question 2.
?????? ????? RSSC ARSC AP
FTightness 0.933 0.253 0.533
Apache Ant FCoverage 0.867 0.213 0.560
FOverlap 0.933 0.253 0.535
FTightness 0.733 0.267 0.438
ANTLR FCoverage 0.733 0.267 0.346
FOverlap 0.733 0.267 0.438
??????????????????????????
????????????????????????
???? 2????? 2 ????? 2 ???????
??????????????????????????
?????????????????????7????
??????????????????????????
?????????????? 1???????????
??????????????????????????
? 2????????????????????????
??????????????????????????
???? 3???? 1???????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
????????????????
7. ????
Juillerat?? Template Method??????????
????????? [14]????????AST ????
??????????????????????????
?????????????????Template Method?
??????????????????????????
??????????????????????????
??????????????????????????
??????????????
Hotta??????????????????????
????????????? [15]?Hotta???????
??????????????
• ????????????????????????
????????????????????????
????????????????
• PDG??????????????????????
????????????????????????
????????
?????????????????????????
??????????????????????????
?????????????????????PDG??
???? Hotta???????????????????
??????????????????????AST??
??????????????????????????
????????????????
Hotta?????????????????????1
??????????????????????????
??????????????????????????
??????????????????????????
?????????????????????????
??????????????1???????????
??????????????????????????
Hotta???????????????????????
?????????????????????? 1???
??????????????????????????
??????????????????????????
??????????????????????????
?????????????????????? Hotta?
??????????????????????????
????????????????????Ant????
23??ANTLR???? 34????????????? 1
??????????????????????????
??? Hotta????????????????????
???????????????? 2?????????
??????????????1???????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
?????????????Hotta???????PDG?
??????????????????????????
?????????????????????????
??????Hotta????????????????
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??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
????????????? Hotta??????????
??????????????????????????
? Hotta??????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????
Wang??????????????????????
????????????????? [16]????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????PDG?????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
????????????????????????
?????????????????????????
??????????????????????????
????????????????????CK????
? [17]???????????????????????
????????????? [18]???????????
?????????? CK ?????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
???
8. ???
?????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
???????????????
?????????3???????????????
?????????????????????????
??????????????????????????
Template Method???? 3????????????
???????????3??????????????
??????????????????????????
??????????????????????????
??????????????????????????
???????????????
?? ??????????????????????
???A???????21240002????????
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